We report the immunological characteristics of five patients with Omenn's syndrome, a rare inherited immunodeficiency also known as combined immunodeficiency with hypereosinophilia. The syndrome is characterized by T cell infiltration of skin, gut, liver, and spleen leading to diffuse erythroderma, protracted diarrhea, failure to thrive, and hepatosplenomegaly. Blood T cells as well as those infiltrating the skin and gut were found to express activation markers and were partially activated by mitogens but not by antigens. Although the lesions resembled those in graft-versus-host disease, the blood T cells were shown by DNA haplotype analysis using probes revealing variable number of tandem repeats to belong to the patients as well as the T cells infiltrating the gut and skin in one patient. A given T cell subset (TCRa#+, CD4+/CD8+, or TCRy'y) was predominant in each patient, with a specific distribution in the skin lesions. Moreover, the study of T cell receptor ,B, 'y, and gene rearrangements in four patients revealed oligoclonality involving CjQ1, C,2., or different VyJy or VSJ6 genes. This indicates that restricted heterogeneity of the T cell repertoire, previously reported in one case, is a major feature of this syndrome. The occurrence of alymphocytosis-type severe combined immunodeficiency in the brother of one of the patients suggests that the restricted heterogeneity of T cell receptor gene usage in Omenn's syndrome may arise from leakiness, within the context of a genetically determined faulty T cell differentiation. (J. Clin. Invest. 87:1352-1359
Introduction
Omenn's syndrome or combined immunodeficiency with hypereosinophilia is characterized by the early occurrence of diffuse erythroderma, hepatosplenomegaly, protracted diarrhea, and failure to thrive (1) (2) (3) (4) (5) (6) (7) (8) . A large number ofpoorly functional T cells and eosinophils are present in the blood and infiltrate the skin, gut, liver, and spleen (5) (6) (7) (8) . In contrast, the lymph nodes and thymus are profoundly depleted of lymphocytes. As the lesions are very similar to those observed in graft-versus-host disease (GVHD)' (5) (6) (7) (8) it has been proposed that GVHD is causal, but this has not been substantiated by the detection of foreign T lymphocytes (5) (6) (7) (8) (9) . The autosomal recessive inherited nature of the syndrome strongly suggests that it is a primary immunodeficiency (1). Wirt et al. have recently reported a large number of T cells of the CD4(-), CD8(-) acq T cell receptor (TCR) subset in a patient with this syndrome. The T cells were oligoclonal, as demonstrated by the presence of discrete bands of the C13 T cell receptor genes (9) .
In this study we investigated the immunological characteristics of five patients with typical features of Omenn's syndrome. The T cells in each patient belonged to one predominant subset and displayed a restricted use of either a13 or ybT cell receptor genes, suggesting that T cell oligoclonality is a hallmark of the syndrome.
Methods
Case reports. Five patients with a diagnosis ofOmenn's syndrome were studied. Two were born of consanguineous parents (cases 1 and 2). Patients 1, 3, and 4 were single family cases, while a brother and a sister ofpatient 2 had died with the same syndrome and a brother ofpatient 5 had died with typical alymphocytosis-type severe combined immunodeficiency (SCID) (Fig. 1) . The first manifestations appeared between 1 d and 2 mo of age and were characterized by diffuse erythroderma associated with pachyderma and alopecia of the scalp and eyebrows. Hepatosplenomegaly and lymph node enlargement were present in all but one case.
Repeated bacterial and fungal infections and severe diarrhea resulting in failure to thrive were a common feature. Patient 2 died at I mo of age ofa lung infection and patient 5 died at 1 yr from pneumonitis. The other three patients underwent bone marrow transplantation that was successful in two cases (3 and 4) .
Biological investigations revealed hypereosinophilia and major immunological disorders. Serum IgG, IgM, and IgA levels were low while IgE levels were elevated in the four patients tested.
Cell isolation. Peripheral blood mononuclear cells (PBMC) were isolated from freshly drawn heparinized blood by means of Ficoll Hypaque (Pharmacia Fine Chemicals, Uppsala, Sweden) density centrifugation.
Surface marker analysis. (14) . 10 tg was digested to completion with selected restriction endonucleases (EcoRI, HindIII, XbaI, KpnI). The restriction fragments were sizefractionated by electrophoresis on 0.9% agarose gels and blotted onto nylon filters (Hybond N+; Amersham, les Ulis, France) in 0.4 M NaOH. The filters were screened using a 770-bp cDNA TB constant region (15), the JylI probe (pH60) (16) and the J6I probe (17) . The probes were radioactively labeled using a random primed kit (Boehringer Mannheim GmbH, Mannheim, Germany) and the filters were hybridized in 50% formamide at 42°C. The c# probe recognizes B 1 and ,2 constant regions ofthe TCR and their rearrangement can be observed with EcoRI and HindIII digests, respectively. The same DNA digests showed rearrangement of J-yl and Jy2 (18) , while the KpnI digest was used to study the additional JyP, JyPI, and JyP2 segments (19) . Finally, XbaI digests were used to detect 6 chain rearrangements and to identify the rearranged V genes by the size of the rearranged restriction fragments (17) .
Possible maternal cell engraftment was tested by two methods: phenotype of the patients circulating T cells was determined with the hypervariable marker M27ft by reprobing the HindIII DNA digest used for TCR analysis in comparison to HindIlI DNA digest prepared from the whole blood cells of their respective mothers. The M27fl probe revealed a variable number of tandem repeats (VNTR) at the DXS255 locus with a heterozygote > 90% (20) .
Search for infiltration by maternal lymphocytes of gut and skin of patient 3 was performed on DNA isolated from frozen serial cryostat sections as follows: 10 4-Am section cuts were placed in a 1.5-ml Eppendorftube in the presence of200 AI ofsolution containing 8 M urea, 2% SDS, 0.01 M EDTA, 0.3 M NaCl, and 0.01 M Tris (pH:8). Proteinase K (100 ,ug/ml) was added and incubation performed during 16 h at 37°C. Following phenol and chloroform extraction, the DNA was precipitated and the pellet redissolved in 10 Al of Tris EDTA (10:1). Polymerase chain reaction (PCR) was performed on 1 Al ofthe DNA preparation using the primers MX57 and MZ68 at the D9S1 5 locus as previously described (21). One tenth ofeach reaction mixture was analyzed on an 8% polyacrylamide/8 M urea sequencing gel.
Results
The number ofpatients' blood T cells was always high (Table I) and phenotype studies of these cells revealed several remarkable features. A given T cell subset predominated in every case: the CD8+ TCRaf3+ subset accounted for the majority of blood T cells in four patients and the CD4' TCRaf.,+ subset in one. In patient 3, there was a marked increase in b+ T cells. Two-color flow cytometry ( Fig. 2 ) revealed that most y6+ T cells from this patient expressed CD8 while a minority expressed neither CD8 nor CD4. Using anti-V6 and Vy-specific MAbs, it was found that all y6+ T cells were labeled by an anti-V6l-J6 1 antibody (6TCS1), while anti-Vy9 and anti-V62 did not bind to y3+ T cells (data not shown). In contrast, the percentage ofy6' T cells in the other three patients studied was very low (Table I) .
As shown in Table II , a high proportion of the patients' T cells expressed activation antigens, especially HLA class II molecules and 4F2 (except in patient 1). An increased level of CD7 1 was also detected in three cases and CD25 T cells were present in one patient. Conversely, a high proportion of the patients' T cells expressed markers of memory T cells (CD45RO and CD29). This was particularly remarkable in these very young children.
As shown in Table III , anti-CD2 antibodies-induced proliferation was negative in all patients while PMA-ionomycine association induced a normal lymphocyte proliferation. Anti- (Fig. 3, C and D) . In the gut, the Sells detected in the lamina propria belonged to the Raft(+) subset, while most intraepithelial T lymphocytes e yb (+) V6lJ6l (+) (Fig. 3, A of patients 3 and 4 compared with their mothers' are reported in Fig. 4 A. Only one of the two maternal alleles were detected in the T cell population ofthe respective child. Patient 4, who is a boy, presented a unique allele. Similar results were obtained for patients 1 and 2 (data not shown). Maternal origin of cells infiltrating the tissues of patient 3 was similarly eliminated, since amplification of a polymorphic tandem repeat on the DNA isolated from the skin and the gut of this patient, compared with the one performed on the DNA of her mother and father, revealed the presence of only the patient's haplotype (Fig. 4 B) .
Because of the peculiar T cell phenotypes found in the blood and tissues, we studied the rearrangement of the T cell receptor genes in order to detect possible limitation in TCR rearrangements. T cells from the four patients studied showed discrete nongermline band rearrangements with the C: probe and/or Jy 1 and Jb1 probes (Table IV) . TCR gene rearrangement could not be studied in patient 5 as the relevant techniques were unavailable. As shown in Fig. 5 A (patient 4) the C#3I and C#2 germline bands have nearly disappeared, indicating that the C#1 chain TCR gene is deleted in the majority of the peripheral T cells, whereas the C#2 locus is rearranged. Four nongermline bands of two different intensities were revealed by the CQ6 (Fig. 5 A, arrows) and Jy I probes (Fig. 5 B, arrows), while J6 genes appeared to be totally deleted (Fig. 6) .
These results indicate that in this patient, the major part of the T cell population is restrained within two to four clones with rearranged a (deletion ofJ6), C#2, and y TCR genes. In patient 3, analysis of the TCR gene rearrangements revealed two nongermline bands, one corresponding to a C,62 gene rearrangement (Fig. 5 A) and the other being a VA1 to J61 rearrangement (Fig. 6) . The Jy rearrangements were analyzed with EcoRI, HindIII, and KpnI digests. The KpnI digest only revealed the presence ofa single Jp 17 gene rearrangement, with the absence of all other Jy rearrangements normally found in polyclonal T cell populations (18) (Fig. 5 B) . Discrete nongermline bands were also found in the other two patients. Patient 
Discussion
Omenn's syndrome is a genetic disorder with recessive autosomal inheritance (1) (2) (3) (4) (5) (6) (7) (8) (9) , characterized by lymphocytic infiltration ofthe skin, gut, liver, and spleen, leading to erythroderma and protracted diarrhea with failure to thrive. Blood T lymphocyte and eosinophil numbers are high, but there is marked lymphocyte depletion in the thymus and lymphoid tissues (1) (2) (3) (4) (5) (6) (7) (8) (9) . The syndrome is clearly due to an intrinsic defect of the lymphocyte lineage since it is curable by bone marrow transplantation (22) . We have further characterized the immunological abnormalities in Omenn's syndrome by studying five patients with typical features. Elevated numbers of T cells were found in the blood, skin, and gut, some of which had phenotype ofactivated T cells. The T cells could be activated to some extent by mitogens but not by antigens. A given subset of T lymphocytes (TCRaj+ CD4', a(3i CD8', or yb+) represented the majority ofthe blood T cells in each patient. It is interesting that all the yb(+) T cells whether CD8' or CD8-in patient 3 expressed the same V6 1 Jb 1 products by immunofluorescence, a phenotype that is normally expressed only by a minority of76 T cells (10) . Tissue lesions in this patient were infiltrated either by TCRaj3(+) or TCRy6(+) T cells, depending on the location in the tissue (epidermis versus dermis, lamina propria versus epithelium). Circulating T cell population of these patients as well as those infiltrating skin and gut of patient 3 were shown Oligoclonal expression of T cells that show random rearrangement and expression of TCR chain genes have been described in two murine immunodeficiencies, nude mice (23) and SCID mice (24) . In both situations, T cells that develop with age display an oligoclonal repertoire. In SCID mice, the defect in the immunoglobulin and TCR gene rearrangement process (25) is responsible for the lymphocyte deprivation. However, with age, most SCID mice develop mature "leaky" lymphocytes with a restricted heterogeneity of normally rearranged T and B antigen receptors (26) . In nude mice, early occurrence of 'y5(+) T cells with restricted heterogeneity has been described, followed later by a(3(+) oligoclonal T cells (27) .
The occurrence in the same family of alymphocytosis-type SCID and Omenn's syndrome strongly suggests that the two conditions correspond to different expressions of the same defect, although the oligoclonality ofthe T cells was not proven in the patient with Omenn's syndrome. It therefore appears that Omenn's syndrome may correspond to the emergence ofa limited number of leaky T cell clones within the context of SCIDtype defective T cell differentiation.
This putative leakiness may have two causes. As in the nude model, limited extrathymic T cell differentiation may occur, especially in the vicinity ofepithelial tissue, e.g., in the skin and gut. This hypothesis is supported by the absence ofT cell differentiation in the thymus ofthe patients (5) (6) (7) (8) . Another explana- tion is based on the possibility that the activated T cells present in the blood and epithelial tissues are directed against self (epithelial) antigens and are therefore expanded. This hypothesis may account for the GVHD-like lesions found in the skin, as well as cytotoxic T cell capacity (9) curable by bone marrow transplantation, intrinsic (25) rather than environmental defects (23) have to be considered.
